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Abstract 
Objective: To verify the concordance in the evaluation of the apical limit of obturation (ALO) in filled root 
canals of primary teeth between digital and visual methods. Material and Methods: Twenty periapical 
radiographs of endodontically treated primary teeth were digitalized and evaluated by an endodontics 
specialist (E1), a PhD pediatric dentist (E2), and a MSc general dentist (E3). Calibrated evaluators (Kappa = 
1.00) analysed the images in a light-isolated environment two times (D1 and D2) with a one-week interval 
between evaluations. ALO scores were categorized as overfilled, flush-filled and underfilled. Results: The 
intra-rater reliability between methods was 0.82 (D1) and 0.75 (D2) for E1, 0.93 (D1 and D2) for E2, and 
0.94 (D1 and D2) for E3. Inter-rater reliability ranged from 0.71 (E1 × E3) and 1.00 (E1 × E2) for the 
visual method to 0.76 (E1 × E3) and 0.88 (E1 × E2) for the digital method. Spearman correlation 
coefficients showed a similar ranking among the evaluators. There was greater disagreement among the 
underfilled and ideal scores. For all evaluators, the digital method favoured the identification of the ideal 
score. Conclusion: Both methods are suitable for the determination of the ALO of filled primary teeth and 
can be used in clinical practice. 
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Introduction 
Pulpectomy is indicated for primary teeth with irreversible pulpitis or pulp necrosis. This procedure 
includes the removal of inflamed or necrotic pulp tissue by debridement, widening and disinfection of the root 
canals and subsequent filling with resorbable filling paste [1]. The goal of this treatment is to maintain the 
primary tooth in the oral cavity, without symptoms until exfoliation, thus preserving arch length, correct 
tongue positioning, normal masticatory function, aesthetics and speech without alterations [2,3]. 
The success of endodontic treatment is clinically characterized by the absence of signs or symptoms of 
infection, including pain, edema, fistula or percussive sensitivity during the preservation of the tooth [2,4,5]. 
This is also related to precise determination of the root canal length and, consequently, to the apical limit of 
obturation (ALO). After endodontic treatment, it is radiographically expected that the filling of the root canal 
system should be dense and three-dimensional, approximating the cementodentinal junction and not exceeding 
the limit of the radiographic apex [6]. Systematic reviews have shown that chemomechanical preparation and 
filling of the root canal at 1 to 2 mm below the radiographic apex were associated with a better prognosis and 
that overfilling slows down the apical repair process, respectively [7]. 
In the literature, there are at most two studies [8,9] about ALO digital evaluations of permanent 
teeth through software for image analysis. Moreover, no studies were found on primary teeth. Thus, it is 
relevant to perform a study whose objective is to compare two methods of evaluating the ALO in primary teeth 
(digital and visual) and to correlate the ALO evaluated with the type of root canal filling used. 
 
Material and Methods 
Study Design and Sample 
In this pilot study, we evaluated an image database consisted of 27 final radiographs from a previous 
study [5]. From these, 20 were selected according to the inclusion criteria: periapical radiographs of anterior 
deciduous teeth with good quality. The others were excluded since they were posterior teeth radiographs. This 
image database was selected since a single operator used the same technique and performed the radiographs, 
being considered standard. 
 
Data Collection 
A single operator, specialist and master in Pediatric Dentistry, performed the radiographs 
immediately after pulpectomy, using the parallelism technique with radiographic positioners (Indusbello, 
Londrina, PR, Brazil) and the time and temperature processing method. In all patients, the root canal had been 
filled with iodoform paste (n = 10) or calcium hydroxide paste thickened with zinc oxide (Calen®/ZO; SS 
White Artigos Dentários Ltda., Rio de Janeiro, RJ, Brazil) (n = 10) [5]. Radiograph scans (Scanner HP Scanjet 
G4050, Development Company, Silicon Valley, California, USA) were standardized with a resolution at 300 dpi 
and 256-grey level. The images were stored on a computer in a JPEG-compressed file format. 
Prior to ALO evaluation, three evaluators were calibrated (Kappa = 1.00) for the two methods (visual 
and digital) by means of the analysis of five nonsample periapical radiographs of anterior primary teeth with 
root canals filled with different root canal filling materials. The evaluators were an endodontics specialist (E1), 
a PhD pediatric dentist (E2) and a MSc general dentist (E3). Analyses were performed in the same 
environment and with the same conditions (i.e., environment devoid of light) for both tests. To aid in the use of 
the ImageJ image processing software (NIH, Bethesda, MD, USA), a tutorial was designed by the researchers 
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to evaluate the ALO through the resources offered by the program. Each evaluator received a hard copy for 
consultation during evaluation using the digital method. 
The methods used to determine the ALO were as follows: 
§ Visual Method: Radiographs were analysed using an X-ray viewer (Gold line®, VHSOFTLINE, Araraquara, 
São Paulo, Brazil) and a hand magnifying glass with a magnification of 3× as well as a black cardboard mask 
with a window compatible with the size of the radiographic film.  
§ Digital Method: Radiographs were analysed using an ASUS®X451C (ASUS do Brasil, Cotia, São Paulo, 
Brazil) Windows 8 computer with a 14' monitor, using the ImageJ free image-editing software. The size of 
the radiograph was measured through a horizontal line between the borders aiming to calibrate the image 
(mm) in reference to the real size of the radiographic film, using the ‘set scale’ tool. The images were 
magnified to 75%. ALO measurement was made through a straight line drawn using the ‘straight’ tool, from 
the end of the canal obturation to the tooth radiographic apex, followed by the use of the ‘analyse’ and 
‘measure’ tools. Subsequently, the program calculated a measure in millimeters of the line (‘results’). 
To compare the visual and digital methods, the scores of the select study to digital evaluation [8] 
were stratified into three scores: 0 – overfilled; scores 1 and 2 – ideal; scores 3 and 4 – underfilled, following 
the classification used to visual method [4]. Thus, we used an adaptation of the table of a previous study [8]. 
ALO scores for both methods are described in Table 1. 
 
Table 1. Distance scores between the filling material and the tooth radiographic apex for both 
methods. 
Author Method Score Description 
Barcelos et al. [4] Visual Underfilled Sealer at 1 mm or more short of radiographic apex. 
  Ideal Sealer paste at radiographic apex level. 
  Overfilled Sealer paste extruded beyond radiographic apex. 
Adaptation of Dovigo et al. [8] Digital Underfilled Limit of 1.1 mm or more below the radiographic apex. 
  Ideal Limit from 0.0 to 1.0 mm below the radiographic apex. 
  Overfilled Extruded filling material in the periapice. 
 
All radiographs were evaluated twice by the two methods separately and by three examiners, with a 
one-week time interval. The evaluators were blinded to the type of root canal filling material used. 
A researcher not involved in the image evaluation process (MCS) was in charge of the randomization 
process. Using the software Excel (Microsoft Corporation, Albuquerque, USA), we randomly assigned a 
number to each of the 20 radiographs selected, determining the sequence in which they would be analysed by 
the assigned evaluator at each time (D1 and D2). The radiographs were placed in numbered opaque envelopes, 
according to the generated sequence, and distributed to the researchers on each evaluation day. Thus, in each 
assessment, the radiographs were evaluated in random and different sequences. The scanned images were 
organized in the determined order, in different digital folders, referring to each evaluation day. 
 
Data Analysis 
The data were tabulated in a database in the Statistical Package for the Social Science (SPSS) for 
Windows Software, version 21.0 (IBM Corp., Armonk, NY, USA) and subjected to descriptive and comparative 
analysis, including absolute distributions, percentages, and analyses of agreement through the weighted Kappa 
index and Spearman's correlation test to verify the results. 
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Results 
Table 2 describes the results of the ALO evaluation and intra-rater reliability of the three evaluators 
according to the two methods at the two evaluation times. Regarding the intra-rater reliability between 
methods, E1 disagreed with the identification of the ALO in three cases (Kappa = 0.82 for D1 and 0.75 for D2). 
In the digital method, case nine was classified on the first day (D1) as overfilled and on the second day (D2) as 
underfilled. Case 10 in the visual method at D1 was classified as underfilled and, at D2, overfilled. Case 12 in 
the digital method was classified at D1 as ideal and at D2 as underfilled. 
E2 and E3 similarly identified all cases in the digital and visual evaluations individually (Kappa = 
1.00). When comparing the results of the evaluations between the visual and digital methods, E2 disagreed 
only in case 14 (Kappa = 0.93). E2 classified it as underfilled in the visual method and as ideal in the digital 
method. The same situation occurred with E3, but in case 10, in which the visual method was classified as 
underfilled and by the digital was classified as ideal (Kappa = 0.94) (Table 2). 
 
Table 2. Results of ALO evaluations of the three evaluators and intra-rater reliability (Kappa) of the 
two methods at two times. 
*D1: Day One; †D2: Day Two. 
 
Weighted Kappa inter-rater values ranged from 0.71 (E1 × E3) and 1.00 (E1 × E2) to 0.76 (E1 × E3) 
and 0.88 (E1 × E2) for the visual method, as shown in Table 3. There was greater agreement between E1 and 
E2 regarding the visual method, since disagreement occurred in just one case. For the digital method, the 
reliability, when comparing E1 × E2 and E2 × E3, was equal, and disagreement occurred in three cases. There 
was greater disagreement in the underfilled and ideal scores. Two cases were discordant between at least two 
of the evaluators when comparing the digital and visual methods. For all three evaluators, the digital method 
favoured the identification of the ideal score. Spearman correlation coefficients showed a similar ranking among 
the evaluators (Table 4). 
 
Table 3. Inter-rater reliability (Kappa) of the two methods at the two times. 
Evaluators Visual Digital 
 Day 1 Day 2 Day 1 Day 2 
E1 x E2 1.00 0.87 0.88 0.80 
E1 x E3 0.82 0.71 0.87 0.76 
E2 x E3 0.82 0.82 0.82 0.82 
Evaluator Score 
Visual 
Kappa 
Digital 
Kappa 
Kappa 
between 
Methods 
Day 1 Day 2 Day 1 Day 2 
N % N % N % N % 
E1 Underfilled 5 25 6 30 0.87 5 25 4 20 0.81 0.82 (D1*) 
 Ideal 0 0 0 0 
 
3 15 2 10 
 
0.75 (D2†) 
 Overfilled 15 75 14 70 
 
12 60 14 70 
  
E2 Underfilled 5 25 5 25 1.00 5 25 5 25 1.00 0.93 
 Ideal 0 0 0 0  1 5 1 5   
 Overfilled 15 75 15 75  14 70 14 70   
E3 Underfilled 5 25 5 25 1.00 5 25 5 25 1.00 0.94 
 Ideal 3 15 3 15  4 20 4 20   
 Overfilled 12 60 12 60  11 55 11 55   
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Table 4. Coefficient correlations (Spearman) between the three evaluators (E1, E2 and E3). 
 E1 E2 E3 
 Visual Digital Visual Digital Visual Digital 
 D1†  D2‡  D1†  D2‡  D1†  D2‡  D1†  D2‡  D1†  D2‡  D1†  D2‡  
Visual D1†  1.00 0.88* 0.86* 0.72* 1.00* 1.00* 0.94* 0.94* 0.86* 0.86* 0.83* 0.83* 
Visual D2‡  0.88* 1.00 0.89* 0.80* 0.88* 0.88* 0.81* 0.81* 0.72* 0.72* 0.85* 0.85* 
Digital D1† 0.86* 0.89* 1.00 0.82* 0.86* 0.86* 0.90* 0.90* 0.78* 0.78* 0.84* 0.84* 
Digital D2‡  0.72* 0.80* 0.82* 1.00 0.72* 0.72* 0.80* 0.80* 0.69* 0.69* 0.78* 0.78* 
Visual D1†  1.00* 0.88* 0.86* 0.72* 1.00 1.00* 0.94* 0.94* 0.86* 0.86* 0.83* 0.83* 
Visual D2‡ 1.00* 0.88* 0.86* 0.72* 1.00* 1.00 0.94* 0.94* 0.86* 0.86* 0.83* 0.83* 
Digital D1†  0.94* 0.81* 0.90* 0.80* 0.94* 0.94* 1.00 1.00* 0.90* 0.90* 0.87* 0.87* 
Digital D2‡  0.94* 0.81* 0.90* 0.80* 0.94* 0.94* 1.00* 1.00 0.90* 0.90* 0.87* 0.87* 
Visual D1†  0.86* 0.72* 0.78* 0.69* 0.86* 0.84* 0.90* 0.90* 1.00 1.00* 0.95* 0.95* 
Visual D2‡ 0.86* 0.72* 0.78* 0.69* 0.86* 0.84* 0.90* 0.90* 1.00* 1.00 0.95* 0.95* 
Digital D1† 0.83* 0.85* 0.84* 0.78* 0.83* 0.83* 0.87* 0.87* 0.95* 0.95* 1.00 1.00* 
Digital D2‡ 0.83* 0.85* 0.84* 0.78* 0.83* 0.83* 0.87* 0.87* 0.95* 0.95* 1.00* 1.00 
*The correlation is significant at the 0.01 level (2 extremities); †D1: Day One; ‡D2: Day Two. 
 
Considering the root canal filling materials, in the five cases in which there was some disagreement, 
three were filled with Calen®/ZO. None of the teeth filled with iodoform paste was classified as overfilled, 
while three teeth filled with Calen®/ZO were classified as overfilled in some of the evaluations. Four cases 
classified as ideal were treated with Calen®/ZO and three with iodoform paste. In the visual method, three of 
the four cases in which a disagreement occurred were filled with Calen®/ZO. In the digital evaluation, three of 
the five cases of disagreement belonged to the same group. 
 
Discussion 
Radiographic examination in endodontics is a fundamental part of the final verification of the adequate 
sealing of the root canals, determination of the ALO, periodical follow-up and inspection of the integrity of the 
periapical tissues [6]. In addition, the ALO evaluation may be an important predictor of the prognosis of 
endodontic treatment [7]. Frequently, radiographic analysis for ALO determination is performed through 
visual methods [6,8,10]. It is important to emphasize that, despite their greater use, the limitations of visual 
interpretation must always be considered, due to subjectivity and training, leading to an impairment of 
interpretation in terms of precision, prediction or objectivity [11]. Meanwhile, the digital method, through the 
auxiliary resources such as magnification of the images and tools to measure regions of interest, can assist 
dentists in the evaluation of the ALO. Moreover, the digital method presents an advantage in terms of the 
possibility of storing the images evaluated, allowing comparisons over time and by different examiners, 
regardless of their location. 
Association of the quality of root canal obturation and the success of endodontic treatment in 
permanent teeth has been previously assessed [6,8,10,12,13]. The ALO was pointed out as one of the factors 
interfering in the repair of apical lesions [12]. Furthermore, the quality of root canal obturation demonstrated 
a correlation with endodontic failure [7,12-14]. In clinical trials with primary teeth, the evaluation of the 
quality of obturation was performed only by the visual method [4,5,15-17], so, to our knowledge, this is the 
first study that has evaluated the limit of obturation of primary canals by use of the digital method. Since there 
are no similar studies in the literature with this methodology, the comparison with a gold standard method 
became limited. 
The failure of pulpectomies in this study was not associated with overfilling [5]. However, due to the 
different factors that may influence clinical and radiographic success, no conclusion could be inferred in 
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relation to the ALO evaluated and the frequency of success. Future studies should be carried out to consolidate 
the results found. 
It was possible to observe a slight increase in the agreement between the examiners in the visual 
method as compared with the digital method for the evaluation of the ALO. This can be attributed to the fact 
that the visual method is more widespread and performed among professionals in all levels of education. 
However, the agreement index in the digital method was also considered excellent for all three evaluators. 
Thus, the agreement between the evaluators was considered high in both methods, although they have 
different degrees of training levels, this was not reflected in the agreement rates, as seen in the results. This 
can be explained by the fact that the digital method was a new technique for all training levels of evaluators. 
Whenever evaluators are exposed to new assessment models, they must receive rigorously training and 
calibration, as occurred in the present experiment [18]. 
The scores that generated the most doubts among the evaluators were underfilled and ideal, due to the 
difficulty in determining the root apex in relation to the end of obturation here. As described previously for 
another authors [19], in primary teeth, the anatomical variation of the location of the apical foramen as well as 
the superposition of structures and the presence of periapical lesions may hinder the correct determination of 
the ALO. When the material overflows apically, characterizing overfilling, the overflow of the material in the 
tissues facilitates determination of the condition. This can explain the difficulty in evaluating primary molar 
fillings due to the overlapping of root images, which is a limitation of the experiment. 
Regarding the root canal filling materials used in the study, a higher agreement was observed between 
the teeth that were filled with the iodoform paste for both evaluation methods. This fact can be related to the 
difference in radiopacity between the materials, which is more intense for iodoform paste when compared with 
Calen®/ZO [20]. 
 
Conclusion 
Both methods can be used to determine the ALO. A high intra-examiner index agreement was 
observed. Regarding root canal filling, the two methods demonstrated similar performance. We can also 
highlight that, with an increase in the use of digital radiographs, the use of image software in new research is a 
promising proposal. 
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